ABSTRACT New regulations and performance standards for Campylobacter have been implemented by the USDA -Food Safety and Inspection Service (FSIS). The objective of this study was to evaluate treatment with a low pH processing aid (CMS 1 PoultrypHresh), a formulated low pH processing aid, to reduce numbers of Campylobacter which could help companies meet regulatory requirements. Two experiments (3 replicates each) were conducted. Experiment 1, in each of 3 replicates, skin-on split chicken breasts (n = 15) were obtained from a local grocery and divided into groups of 5. The skin of each part was inoculated with approximately 10 7 cells of a gentamicin resistant C. coli (CC GR ) marker strain in an area of approximately 6.5 cm 2 . CC GR cells were allowed to attach for 5 min prior to treatment. Ten inoculated breasts were individually placed into separate 6 L plastic storage boxes containing either 3.5 L deionized water or PoultrypHresh solution at a pH of 1.4. Parts were subjected to agitation (bubbled air) for 25 s. After treatment, each part was removed, allowed to drain for 5 s, and placed into a plastic bag prior to mechanical rinsing with 150 mL of buffered peptone water for 60 s. Five inoculated breasts served as controls, were untreated with a dip or agitation and sampled as above. Experiment 2 procedures were repeated using skin-on thighs under the same conditions. Rinsates were collected from each chicken part, serially diluted, and plated onto Campy Cefex agar with 200 ppm gentamicin (CCGen). All plates were incubated microaerobically (5% O 2 , 10% CO 2 , 85% N 2 ) for 48 h at 42
treatment, each part was removed, allowed to drain for 5 s, and placed into a plastic bag prior to mechanical rinsing with 150 mL of buffered peptone water for 60 s. Five inoculated breasts served as controls, were untreated with a dip or agitation and sampled as above. Experiment 2 procedures were repeated using skin-on thighs under the same conditions. Rinsates were collected from each chicken part, serially diluted, and plated onto Campy Cefex agar with 200 ppm gentamicin (CCGen). All plates were incubated microaerobically (5% O 2 , 10% CO 2 , 85% N 2 ) for 48 h at 42
• C, colonies were counted and the cfu/mL was log transformed. The use of PoultrypHresh on split breast produced a 99.6% reduction compared to untreated controls, while thighs showed a 99.4% reduction. This study demonstrated an approximate 3 log reduction (P < 0.05) using a 25 s air agitation treatment in PoultrypHresh at pH 1.4 with no observable damage, which will help processors meet FSIS regulations.
INTRODUCTION
Although relatively sensitive to environmental stressors, Campylobacter is a serious food safety concern for consumers and is the leading bacterial cause of foodborne diarrheal illness in the United States (Bashor et al., 2004; FSE -USDA, 2013) . The USDA-FSIS attempts to prevent thousands of illnesses each year; new performance standards have been proposed for pathogen reduction in raw products, as 80% of poultry products distributed to consumers is sold in the raw form (Almanza, 2015) . An assortment of chemicals are currently being used in poultry processing facilities (Peracetic acid, chlorine, Citrilow, Cecure, etc.) .
The new regulations will require the processing establishments to reassess hazard analysis and critical C 2016 Poultry Science Association Inc. Received January 22, 2016. Accepted August 24, 2016. 1 Corresponding author: landrum1@uga.edu control point (HACCP) plans for processes which will improve reductions in microbial numbers on final product (Almanza, 2015) . HACCP plans will be required to specifically address Campylobacter control in sanitation standard operating procedures (Curtis and Butler, 2009 ). Sampling will be conducted within individual processing establishments by FSIS inspection program personnel on a routine basis (FSIS, 2015) . Accepted performance standards specified by FSIS state the maximum percentage of poultry parts allowed to test Campylobacter positive is 7.7% (4 of 52 samples) (FSIS, 2015) . FSIS estimates 46% of poultry establishments will be unable to meet the new standards and will be required to undergo production-processing changes to lower Campylobacter prevalence (Almanza, 2015) . Such changes may include additional cleaning procedures, applying chemical antimicrobials, and/or providing additional sanitation training to employees. If the facility fails to meet the standards, immediate follow-up sampling will be conducted by FSIS.
PoultrypHresh is an antimicrobial, liquid additive made from GRAS (generally recognized as safe) ingredients applied directly to food products to minimize or eliminate an assortment of foodborne pathogens. It is primarily used as a dip to regulate an acidic, low pH environment aimed to lower microorganism levels at intervention points during poultry processing. The purpose of this study was to evaluate whether Campylobacter levels on broiler parts may be lowered using the proprietary antimicrobial treatment, PoultrypHresh, as an immersion dip with air agitation at pH 1.4.
MATERIALS AND METHODS

Bacterial Strain and Maintenance
A marker strain of Campylobacter coli (CC GR ), resistant to gentamicin (Cox et al., 2009) , was used throughout this study. The culture was streaked onto Campy Cefex Agar (Stern et al., 1992) containing 200 ppm gentamicin (CCGen) (Sigma, St. Louis, MO) to restrict the growth of extraneous bacteria. Cultures were allowed to grow on plates at 42
• C for 48 h in a resealable plastic bag flushed with a microaerobic environment (5% O 2 , 10% CO 2 , 85% N 2 ), for use in the preparation of inocula for these experiments. Stock cultures were maintained at −80
• C in Campylobacter Bolton's broth (Oxoid Ltd. Basingstoke, Hampshire, England) without supplements with 15% glycerol.
Inoculation of Parts
Skin-on split chicken breasts or thighs (n = 15) were obtained from a local grocery and divided into three groups of 5. Replicates 1, 2, and 3 were conducted on separate days. An area of approximately 6.5 cm 2 was denoted with a template on the skin's surface of each individual part and was inoculated using 0.1 mL of approximately 10 7 CFU/mL CC GR marker strain confirmed by serial dilution and plating onto CCGen plates, incubating at 42
• C under microaerobic environment for 48 h. CC GR cells were allowed to stand for 5 min at 24
• C to allow attachment to the skin prior to any treatment.
Treatment Procedures
Five inoculated split breast fillets or thighs were placed into separate 6 L plastic storage boxes, containing 3.5 L of deionized water each, five inoculated breast fillets or thighs were placed into similar individual storage containers containing 3.5 L of PoultrypHresh solution at a pH of 1.4. Diagonally across the bottom of each container was a Costar Stripette 5 mL pipette (Corning Corp., Corning, NY) with 14 holes drilled along the length of the pipette (25 gauge needle), attached to an air compressor hose (approximately 125 psi). Air was pushed out of the holes causing agitation throughout each container for the 25 seconds of treatment. After treatment, each part was drained for 5 s, placed into a plastic freezer bag and rinsed with 150 mL of buffered peptone water for 60 s using a mechanical rinsing machine (Dickens et al., 1985) . Five breast fillets or thighs served as untreated controls and were untreated with any dip or agitation, but sampled as above. Three replications for both breasts and thighs were done.
Plating and Incubation
Rinsates were collected from each individual part, serially diluted and 0.1 mL plated onto CCGen agar plates. All plates were incubated microaerobically for 48 h at 42
• C. Characteristic CC GR colonies were counted and the cfu/mL were log transformed. CC GR was confirmed by observation of characteristic cellular morphology and motility under phase contrast microscopy.
Statistical Analysis
The study constructed three replicates of split breast and three replicates of thighs using 45 individual parts (N = 45, n = 5). Each replicate consisted of 5 untreated parts, 5 dipped in agitated water, and 5 treated with PoultrypHresh at pH 1.4. Duplicate counts were averaged and numbers were transformed by log 10 . Data was analyzed using Statistica software (Statistica, 2013) . A General Linear Model was conducted to determine whether methods were statistically significantly different (P < 0.05). Means were separated with a Duncan multiple range test; statistical significance was assigned at P ≤ 0.05.
RESULTS AND DISCUSSION
The current study showed that PoultrypHresh antimicrobial can be used to significantly (P ≤ 0.05) reduce the numbers of CC GR recovered from parts. The two parts used in this study reflect future FSIS testing, which will focus on high production parts including breasts and thighs.
PoultrypHresh on split breasts resulted in 99.6% reduction when compared to CC GR levels recovered from untreated breasts (Figure 1) . PoultrypHresh was also significantly (P ≤ 0.05) more effective than the water wash controls, showing a 97.9% reduction in the three replications (Figure 1 ). Therefore, a PoultrypHresh dip resulted in an average 2.41-log reduction compared to untreated split breasts and 1.72-log reduction compared to water treatment (Figure 1) .
Similar results were noted when testing skin-on thighs; treating with PoultrypHresh significantly lowered CC GR levels. When comparing thighs treated with PoultrypHresh to untreated thighs, the reduction of CC GR colonies recovered was 99.3% (Figure 1 ). There was a 95.5% reduction in thighs dipped into PoultrypHresh at pH 1.4 compared to thighs treated with a water dip. Overall, there was a 2.16-log reduction in CC GR colonies of untreated thighs and 1.41-log reduction from water treated thighs with air agitation when compared to a dip in the PoultrypHresh product (Figure 1 ).
There are several factors that contribute to the number of Campylobacter on poultry products in processing plants, including, but not limited to sanitation practices and antimicrobial use (Marriott, 2013) . Reports show processors consistently produce Campylobacter positive raw products, although FSIS has encouraged companies to reduce the level of Campylobacter in slaughter operations (Bennett, 2008) . Once the new FSIS performance standards are fully implemented, companies that fail to meet standards must make changes in the process that lower Campylobacter prevalence (Almanza, 2015) . FSIS reports suggest that the most likely corrective action will be the addition of antimicrobials within the processing facility (Almanza, 2015) .
Water agitation and pH adjustments are factors shown to improve microbial reductions, specifically Campylobacter, throughout secondary processing (Bennett, 2008; Curtis and Butler, 2009) . Studies comparing the efficacy of spray versus dip applications concluded that there were significantly (P ≤ 0.05) greater bacterial reductions when using immersion treatments (Singh, 2013) . Multiple hurdles heighten the reduction/elimination of Campylobacter counts, rather than a single control measure (Curtis and Butler, 2009) . Air agitated PoultrypHresh employs several hurdles to reduce microbial prevalence with no adverse change of appearance including antimicrobial properties, pH control, brief exposure time, and air agitation. The method tested here of compressed air bubbled through an immersion vessel containing PoultrypHresh resulted in approximately a 3-log reduction of CC GR counts for breasts and thighs compared to untreated inoculated parts. This should be sufficient to allow most processors to meet the new FSIS standards of pathogen reduction. PoultrypHresh was used to test parts for Salmonella, but percent reductions were not as dramatic as shown in Campylobacter. Future research on a larger scale in a commercial processing plant is planned to further assess the viability of this low-acid processing aid to reduce Campylobacter on poultry parts and/or carcasses. PoultrypHresh could be part of a successful program to reduce microbial contamination on cut-up broiler parts.
